In recent decades, the ever-decreasing number of green spaces have become insufficient to meet public demands in terms of accessibility, spatial distribution and the size of urban green areas. This is mainly due to increasing attention on the issue of accessibility to urban green spaces. This paper aims to quantify accessibility according to existing qualitative and quantitative characteristics of urban green spaces (UGS) in Çukurova district in Adana, Turkey. Firstly, qualitative and quantitative characteristics of UGS are divided into five main categories: area size, amenities of the UGS, transportation, focal points and population density. A set of 59 criteria are used by referring to the literature and expert views. Secondly, the Weighted Criteria Method was used to determine the significance of levels within these criteria and the existing situation of each park was identified and scored via field work. Thirdly, accounts of the distance of UGS service areas distance from people or users were optimized according to the total scores of existing UGS sites. Finally, the service areas of UGS were mapped by using Network Analysis tools. Results highlight some practical implications of optimizing accessibility for urban planning, for instance, specific land uses might be chosen for highly accessible UGS particularly those characterized by their high area size and equipment variety, low population density, and proximity to units.
Introduction
In cities in the developing world, unplanned and informal settlements have increased social and spatial inequality, resource consumption and environmental degradation [1] . International studies over the last 15 years underline the significance of nature for people's well-being, but it is mainly the reality of urban outflow which stresses the urgent need for urban greenery. In Turkey and other developing countries, urban planning practice has mainly focused on compensating for the shortage of housing and, as a result, it has prioritized construction. Urban green areas have been progressively narrowed, despite being essential components for quality of life in cities in terms of accessibility, spatial distribution, the size of neighborhood park areas and varieties of presentation.
Urban parks and open green spaces are of strategic importance for quality of life in our progressively urbanized society. Parks also permit citizens to enjoy open spaces for leisure activities that promote emotional stability and improve quality of life [2] [3] [4] [5] . Among several developing world cities, unplanned and informal settlements have resulted in increased social and spatial inequality, resource consumption and environmental degradation [1] . Increasing attention is being paid to the issue of accessibility to urban green spaces (UGS), which is becoming one of the most debated issues in sustainable urban planning [6] . During the past few decades, the concept of accessibility, which often denotes the level of services in terms of the spatial distribution of parks, has been a crucial element for planning UGS. Accessibility to urban parks is adequate when the population is in harmony with the park's spatial distribution [1, 3] .
The ever-decreasing number of UGS have become insufficient to meet public demands in terms of accessibility, spatial distribution and the size of UGS. As a result, the regulation of green areas in each country is based on different laws. Moreover, the scope of external applications is evaluated in a broader hierarchy that includes whether the UGS is a playlot, playground, recreational ground, neighborhood park, community park, city park or metropolitan park. Each of these areas' criteria, such as the area size, the field size per capita, the service area radius and pedestrian access distance, vary from country to country. In Turkey, appendix-1 of the Regulation on the Principles of Planning, as promulgated in the official journal no. 23804 on 2 September 1999, defines the total area for the above-mentioned spaces as 10 m 2 /inhabitant.
The geographic information system (GIS) has been used to identify green space areas with high ecological, recreational and aesthetic values to protect specific green space areas from development [7] ; to present a GIS-based decision support tool for modelling planning scenarios related to the creation of new green space areas as part of neighborhood greening strategies [8] ; to quantify the spatial configuration of UGS that are used in landscape metrics [9] [10] [11] ; to assess the accessibility of many proposed green space enhancements [1, 12] ; to implement a web-based platform [13] ; to quantify accessibility to parks [3, 14] and to analyze the delineation of distance-based catchment areas [15, 16] .
GIS is widely used to examine the pattern of accessible UGS. From simple radius-buffering methods aimed at evaluating the number of facilities and the proportion of the population within a fixed area [17, 18] , recent research has developed to integrate urban landscape characteristics or socio-economic data with more advanced methods for distance evaluation [19, 20] . The Network Analyst is the most common approach in current research streams that is used for measuring accessibility to UGS or other urban facilities with GIS. It is to use indicators/measures which count the number of services (e.g., green areas, hospitals, other urban services) within a fixed distance (or time) from the origin points of users, or vice versa. These indicators are simply based on a distance relation between users and the service under examination and are generally easy to calculate, without the need for further analyses or data collecting [3] . This study's starting position is the fact that UGS must be located within an appropriate travel distance for pedestrian access and must be of adequate size to serve the existing population. Parks that lack a luxurious variety of amenities and equipment according to the appropriate standards may have certain conditions and provide inadequate services despite being large areas. Additionally, this research aims to identify spatial and planning principles to provide an optimum level of utilization of UGS and to understand which areas are more suitable to be adapted into new UGS according to the municipality's land-use plan. Moreover, the use of a maximum distance index that does not depend on any criterion is likewise insufficient. The methodological framework suggest that it is not sufficient to determine the service area of green areas considering only a few variables (i.e., accessibility distance, population, square meters of green per capita etc.). Accordingly, qualitative and quantitative characteristics of UGS should also be included in the assessment of accessibility so that the UGS service area can reach more populations and regions. As such, this study shall investigate the adequacy of UGS services in the Çukurova district in the city of Adana, the fifth most populated city in Turkey, in terms of accessibility and regarding the quantities and qualities of UGS.
Materials and Methods

Study Area and Available Geo-Datasets
The study area selected for this study consists of 10 selected neighborhoods in the Çukurova district, an urban context that is characterized by a high density of urban settlements (37 • 
The district is one of the third most crowded population areas in the city of Adana and the most densely developed region in Adana (Figure 1) . The study area, 42 km 2 , covers 21.5% of Adana's urban settlement area (approximately 200 km 2 ). The population reached 362,351 in 2016 [21] . Çukurova has undergone significant economic development and rapid urban expansion over the past 30 years. Private green spaces are still relatively rare however, which means that the provision of green space services mainly depends on public green spaces [6] . However, Çukurova is characterized by a relative shortage of public spaces and services, especially UGS (Table 1) . Currently, the amount of UGS is approximately 1.8 m 2 /inhabitant, which is much less than the minimum amount specified by national legislation (10 m 2 /inhabitant). Private green spaces are still relatively rare however, which means that the provision of green space services mainly depends on public green spaces [6] . However, Çukurova is characterized by a relative shortage of public spaces and services, especially UGS (Table 1) . Currently, the amount of UGS is approximately 1.8 m 2 /inhabitant, which is much less than the minimum amount specified by national legislation (10 m 2 /inhabitant). UGS located in the urban settlement are not equally distributed in the study area. These UGS areas are mainly centered in the southern and eastern neighborhoods of the district, although their quantities and scopes decrease the development areas on the northern and western sides [22] [23] [24] . This situation is a fundamental problem that needs to be resolved in terms of the efficiency of the UGS. Therefore, the Çukurova district was chosen as a model study for the following two main reasons:
ISPRS
• constructional activities are continuous in the Çukurova district. These activities will lead to an increased need for UGS as an attraction center for the increasing population density. This is a significant opportunity for highly effective and integrated UGS system installation; and • there is a need to resolve fundamental problems in the neighborhood context to ensure accessibility, quantities and quality and equal distribution for the establishment of new green areas and the development of existing green areas. This is because population units are determined to be the smallest administrative boundaries at the neighborhood level. Total  UGS  Population  CP  NP  P  S  1  Toros  205 Ha  11 Ha  2  4  7  2  15  61,804  2  Huzurevleri  133 Ha  11 Ha  -4  12  -16  56,826  3  Belediye Evleri  392 Ha  17 Ha  -6  8  3  17  54,176  4  Güzelyalı  309 Ha  4 Ha  -5  5  8  18  43,232  5  Yurt  161 Ha  9 Ha  -4  5  3  12  42,526  6  Mahfesığmaz  278 Ha  2 Ha  -2  7  -9  33,965  7  Yüzüncüyıl  379 Ha  14 Ha  -3  7  1  11  27,000  8  Beyazevler  65 Ha  3 Ha  -3  1  -4  9929  9  Kurttepe  435 Ha  0.01 Ha  -0  1  -1  5916  10  Karslılar  236 Ha  8 Ha  -1  1  -2  3785  Total  2593 Ha  80 Ha  2  32  54  17  105  339,159 Four main datasets were used in this study.
(1) The geographical distribution of UGS was obtained directly from field work and the latest public green space list published by the Çukurova municipal government departments [25] ; (2) The overview of the city's street network (pedestrian roads, crosswalks, overpasses and underpasses) was prepared from digital and paper maps, scaled UGS located in the urban settlement are not equally distributed in the study area. These UGS areas are mainly centered in the southern and eastern neighborhoods of the district, although their quantities and scopes decrease the development areas on the northern and western sides [22] [23] [24] . This situation is a fundamental problem that needs to be resolved in terms of the efficiency of the UGS. Therefore, the Çukurova district was chosen as a model study for the following two main reasons:
• constructional activities are continuous in the Çukurova district. These activities will lead to an increased need for UGS as an attraction center for the increasing population density. This is a significant opportunity for highly effective and integrated UGS system installation; and • there is a need to resolve fundamental problems in the neighborhood context to ensure accessibility, quantities and quality and equal distribution for the establishment of new green areas and the development of existing green areas. This is because population units are determined to be the smallest administrative boundaries at the neighborhood level. 1  Toros  205 Ha  11 Ha  2  4  7  2  15  61,804  2  Huzurevleri  133 Ha  11 Ha  -4  12  -16  56,826  3  Belediye Evleri  392 Ha  17 Ha  -6  8  3  17  54,176  4  Güzelyalı  309 Ha  4 Ha  -5  5  8  18  43,232  5  Yurt  161 Ha  9 Ha  -4  5  3  12  42,526  6  Mahfesıgmaz  278 Ha  2 Ha  -2  7  -9  33,965  7  Yüzüncüyıl  379 Ha  14 Ha  -3  7  1  11  27,000  8  Beyazevler  65 Ha  3 Ha  -3  1  -4 Four main datasets were used in this study.
(1) The geographical distribution of UGS was obtained directly from field work and the latest public green space list published by the Çukurova municipal government departments [25] ; (2) The overview of the city's street network (pedestrian roads, crosswalks, overpasses and underpasses) was prepared from digital and paper maps, scaled 1:1000, and recent Google Maps images; (3) Geographic distribution data on urban residential communities was obtained from the Çukurova municipal government departments, existing on maps at scale of 1:1000, along with implementation data on the development plan and master plan 1:5000 scale (May 2010); (4) Neighborhood population data on the Çukurova district was obtained from the Turkish Statistical Institute [21] .
Methods
This study consisted of the following six phases: (1) Locating the UGS by means of survey studies, aerial photography and the Adana City Implementary Development Plan (1:1000 scale); (2) determining the primary standards by referring to the literature and expert views; (3) adapting the weighted criteria method to the evaluation of the service area based on the main criteria specified in the second stage; (4) evaluating the quantitative data and calculating the service area; (5) mapping the service areas of the UGS using network analysis; (6) enhancing the UGS' spatial sufficiency and accessibility potentials and developing suggestions according to the final maps ( Figure 2 
This study consisted of the following six phases: (1) Locating the UGS by means of survey studies, aerial photography and the Adana City Implementary Development Plan (1:1000 scale); (2) determining the primary standards by referring to the literature and expert views; (3) adapting the weighted criteria method to the evaluation of the service area based on the main criteria specified in the second stage; (4) evaluating the quantitative data and calculating the service area; (5) mapping the service areas of the UGS using network analysis; (6) enhancing the UGS' spatial sufficiency and accessibility potentials and developing suggestions according to the final maps ( Figure 2 ). 
Determination of Analysis Standards
The primary indices of UGS service areas have been identified as maximum distance for pedestrians and the spaces' quantitative and qualitative characteristics as a result of conducting research and interviews with experts [15, [26] [27] [28] [29] . While the maximum distance for pedestrians describes the relationship between UGS and users (residential places, schools, commercial areas, religious places etc.), the quantitative and qualitative characteristics describe the nature of UGS' properties.
Maximum Distance UGS need to be located within a convenient maximum distance to meet users' daily recreational needs. According to sustainable urban development strategies, users must benefit equally from public services, which are considered an important measure for ensuring the accessibility of social justice. Therefore, these considerations reflect important and necessary principles of accessibility [30] . 
Maximum Distance UGS need to be located within a convenient maximum distance to meet users' daily recreational needs. According to sustainable urban development strategies, users must benefit equally from public services, which are considered an important measure for ensuring the accessibility of social justice. Therefore, these considerations reflect important and necessary principles of accessibility [30] . Many studies on public facilities, including UGS, have been conducted with a focus on their accessibility and walking score. Herzele and Wiedeman [28] , Altunkasa [31] , Uz [32] , Oh and Jeong [14] , Kellett and Rofe [33] , Duncan et al. [34] and Onder et al. [35] likewise recommended maximum distance standards of 400 m to playgrounds and 800 m to neighborhood parks, recreation areas and community parks. Their results indicate similarities between Turkey and other countries.
Quantitative and Qualitative Characteristics
Fifty-nine criteria were eligible for use in this research as a result of the interviews conducted with 50 experts and study of the relevant literature. Firstly, 29 criteria were determined as a result of studying the relevant literature (Table 2) . Secondly, non-existent criteria in Table 2 were obtained from interviews conducted with 50 experts (landscape architects, urban planners and designers and architects), who highlighted which criteria could affect accessibility. Thirdly, these criteria were separated into main groups and subgroups by an expert. Consequently, the quantitative and qualitative characteristics of the UGS were classified into five main groups; area size, nature of the UGS, transportation, focal points and population density (Table 3) . While all these criteria can be used about community parks, 58 criteria have only been applied to neighborhood parks, 52 criteria for sport and recreational grounds and 50 criteria for playgrounds owing to differences between the facilities and equipment of the UGS. Quantitative and Qualitative Characteristics Fifty-nine criteria were eligible for use in this research as a result of the interviews conducted with 50 experts and study of the relevant literature. Firstly, 29 criteria were determined as a result of studying the relevant literature (Table 2) . Secondly, non-existent criteria in Table 2 were obtained from interviews conducted with 50 experts (landscape architects, urban planners and designers and architects), who highlighted which criteria could affect accessibility. Thirdly, these criteria were separated into main groups and subgroups by an expert. Consequently, the quantitative and qualitative characteristics of the UGS were classified into five main groups; area size, nature of the UGS, transportation, focal points and population density (Table 3) . While all these criteria can be used about community parks, 58 criteria have only been applied to neighborhood parks, 52 criteria for sport and recreational grounds and 50 criteria for playgrounds owing to differences between the facilities and equipment of the UGS. CP = Community park; NP = Neighborhood park; S = Sports and recreational ground; P = Playground, (-) = Out of assessment.
Weighted Criteria Method
The weighted criteria method is based on the numeric description of the criteria condition in the workspace (in general, from positive to negative). These criteria were used to determine the proficiency or service level of the examination area. The level of importance of the evaluation criteria differs because the capabilities for influencing the proficiency or service level are variant. Therefore, establishing weights is an essential aspect of these methods.
At county level, the first example of the weighted criteria method was developed for the Santa Barbara County in 1974 to design a cyclist network connection between housing, school, workplace and recreational areas. It used a computerized model to evaluate the impact of development alternatives using weighted criteria. The following studies [22] [23] [24] 26, 31, 58] developed the methodology to be used for different purposes. In this study, the criteria describes characteristics of the UGS and then quantifies a weighted score of the park.
The weighted criteria method is based on the following three-step process:
(1) Weighting: As the significance level of criteria can vary according to different experts (landscape architects, urban planners and designers and architects etc.), each of the main group, sub-group and criteria is given a weighted score grading between 0 and 100 on the basis of interviews conducted with 50 experts using questionnaires. Thus, each criterion is standardized and the coefficient of the weights (CW) is determined. The calculation of weight coefficients was conducted according to the examples presented in Table 3 :
• The mean of the criteria without subgroups directly constitutes the weighted coefficient. Example: Size of park area × 100 −n (n = 0).
•
The weighted coefficient for the criteria of the only main group was calculated by multiplying the mean weighted percentage of the criteria by that of the main group.
The main group × criteria's mean weighted percentage (100 −n ). Example: Access and connectivity × sidewalk width × 100 −2 (n = 2).
• The weighted coefficient for the criteria of the subgroup and main group was calculated by multiplying the mean weighted percentage of the criteria by that of the main group and subgroup. The main group × subgroup × criteria's mean weighted percentage (100 −n ). Example: Access and connectivity × pedestrian facilities × crosswalk × 100 −3 (n = 3).
where n: The number of subgroups.
(2) Scoring: The determined 59 criteria were assigned 0-3 points to identify the criteria score (CS) from different qualitative and quantitative characteristics of the UGS and an assessment form was created. The reason for the changes in values was to highlight the distinction between the positive and negative conditions of the parks [26] . The rating assignment process of the evaluation form was carried out in three main categories according to the characteristics of the criteria. These categories comprised proportional criteria, evaluable criteria and unevaluable criteria. Proportional criteria converts values to percentage values by means of proportioning. Evaluable criteria assigns a value between 0 and 3 depending on the condition of the criteria. Unevaluable criteria are assigned 3 points in the case of a positive condition, but are assigned 0 points in the case of a negative condition (Table A1) . (3) Calculating the Weighted Score for UGS: Each UGS is evaluated in terms of its qualitative and quantitative characteristic and calculated weighted score (WS).
The Optimizing of the Service Area
This section marks Stage 3 (Calculating Weighted Score for UGS) of the calculation of the service areas. In the first stage, the weighted scores for each criterion were calculated by multiplying the criteria scores by the weighted coefficient value (Equation (1)), then the total UGS weighted scores were calculated by adding up each weighted score (Equation (2)).
WS a (Weighted Score n ) = CW n (Coefficient of weighted n ) × CS n (Criteria score a )
(1)
In the second stage, the maximum weighted score was calculated for every UGS type. The maximum weighted score, which was 300 points, was obtained from adding up each maximum weighted score as calculated by multiplying the criteria's maximum scores (3 points) by the weighted coefficient value (Equation (3)).
Maximum Weighted Score according to AGS
In the final stage, the total weighted score of the connected service area values was accepted as the percentage between the sum of the highest criteria scores (300 points) to obtain the total weighted score for each UGS. These values were calculated by multiplying the optimum walking distance to the UGS type (CP: 800 m; NP: 800 m; S: 800 m; P: 400 m) by these percentage ratios (Equation (4) where UGS: Urban green space, WS: Weighted Score, CW: Coefficient of weighted, CS: Criteria score, X: Urban green space code, n: Criteria.
Network Analysis and Arc-Node Topology
In recent years, the modelling of the accessibility of green spaces has evolved substantially thanks to enhanced GIS features, and in particular the development of GIS network analysis modules, such as the ArcGIS Network Analyst Tool and the computational capabilities of personal computers. Using the network analysis method of GIS, this study analyzed the actual accessibility of urban parks to pedestrians in Çukurova, similar to previous studies [14, 27, 59] . In the network analysis, centers, arcs, nodes, and impedances are key elements in the analysis (Figure 3) . Therefore, in the first stage, Arc-Node topology was formed to define the service area. In this research, arcs define pedestrian routes that connect citizens to the parks. An impedance refers to barriers that prevent movement between links, and different impedance values were assigned according to route types, such as pedestrian roads, crosswalks, underpasses and overpasses. Therefore, these lengths (walking and crossing roads, underpasses and overpasses) are added walking distance and are subsequently also defined as arcs. Nodes are intersections of links (entrance[s] to the park, crossroads and road intersections). The extend of the network is line-shaped, which means that the service areas of each park are determined by 400 m and 800 m buffers (according to UGS) for pedestrian routes within the network's extent. Consequently, it was determined that network analysis could be used to provide the boundaries of the service areas of parks and show where citizens can access them within a given distance. 
Service Area Enhancement Suggestions
After determining the service areas, suggestions to enhance the model planning scenarios related to the creation of new green space areas as part of distance-based neighborhood greening strategies and to assess the accessibility of many proposed green space enhancements. Upgrading the weighted UGS scores, the possibility of changing and improving criteria was determined for the quantitative and qualitative characteristics of green space. These criteria enabled the enhancement of the service areas that were assigned a score of 3, and subsequent changes in these service areas were determined. The possibility of changing both improvement criteria (42 in number) and limited improvement criteria (17 in number) was identified through interviews conducted with experts (Table A1) .
Results
This study aims to optimize UGS' service areas regarding the quantities and qualities of UGS in the Çukurova district. Additionally, it aimed to identify the location and planning principles for UGS that will provide optimum benefits. The study was conducted for 105 UGS that were determined through survey studies in Çukurova, comprising of 2 community parks, 32 neighborhood parks, 54 playgrounds and 17 sport and recreational areas.
To calculate the UGS' weighted score and optimum service area, some variables should be set. The first step was determining the criteria that could affect accessibility and separating them into main groups and subgroups. The second step was weighting. All main groups, subgroups and criteria are determined using the Weighted Criteria Method and based on expert views (Table 3) . Table 3 demonstrates the weighted coefficient for each type of UGS that ranges from 0.22 to 19.43 over 100 points. The mean of the criteria without subgroups directly constituted the weighted coefficient. As such, the size of the park area (19.43) , population density (13.49) and sidewalk width (10.04) are essential for evaluating the quality of green areas because of their high-weighted coefficient value. The weighted coefficient for all types of UGS were similar, because the weighting was based on the criteria, not on the UGS types.
The third step was scoring. To highlight the distinction between the positive and negative conditions of UGS by conducting field work, criteria were scored 0-3 points (Table A1) . After setting the variables and calculating the weighted coefficient, the total weighted score, maximum weighted score and optimum service area were computed using Equations (1) and (2), Equation (3), and Equation (4) respectively (Table 4) . Therefore, the service area distance is optimized the total 
Service Area Enhancement Suggestions
Results
The third step was scoring. To highlight the distinction between the positive and negative conditions of UGS by conducting field work, criteria were scored 0-3 points (Table A1) . After setting the variables and calculating the weighted coefficient, the total weighted score, maximum weighted score and optimum service area were computed using Equations (1) and (2), Equation (3), and Equation (4) respectively (Table 4) . Therefore, the service area distance is optimized the total weighted score. Following the previous steps, in order to map maximum service, a network with a 400 m (for P) and 800 m (for S, CP, and NP) radius around the UGS was used to investigate the total areas for pedestrian accessibility areas. This network distance shows maximum accessibility if UGS are of the maximum weighted score (Max score: 300) or all criteria have the best score. Secondly, to compute the optimum service area, the maximum service area distance (400 m and 800 m) optimized the total weighted score of UGS (Equation (4)) and were mapped by using ArcGIS Network Analyst tool (Figure 4) . Following the previous steps, in order to map maximum service, a network with a 400 m (for P) and 800 m (for S, CP, and NP) radius around the UGS was used to investigate the total areas for pedestrian accessibility areas. This network distance shows maximum accessibility if UGS are of the maximum weighted score (Max score: 300) or all criteria have the best score. Secondly, to compute the optimum service area, the maximum service area distance (400 m and 800 m) optimized the total weighted score of UGS (Equation (4)) and were mapped by using ArcGIS Network Analyst tool ( Figure 4) . The general results were that the average of the total weighted score was as follows: CP: 166.82; NP: 121.09; P: 98.37; and S: 83.27 (Table 4) . Moreover, the quantitative and qualitative characteristics of green spaces show that community parks (100%) and neighborhood parks (50%) were generally of moderate quality. While a significant proportion of neighborhood parks (41%) were inadequate in terms of quality, a tiny part demonstrated good quality. The vast majority of playgrounds (63%) and sports fields (88%) were also inadequate. Figure 4 shows the comparison of UGS service areas (CP: 800 m; NP: 800 m; S: 800 m; and P: 400 m) and their optimum service areas according to their own quantitative and qualitative characteristics. The UGS service areas covered CP: 16.6%; NP: 69.3%; S: 43.6%; and P: 42.1%. However, these ratios sharply decreased after computation of optimum service area (CP: 4.9%; NP: 29.6%; S: 7.1%; and P: 10.9%).
In line with these results, this study aimed to develop recommendations for increasing the optimum service areas based on the weighted scores of UGS. The increased percentages of optimum service areas were calculated by the re-evaluation of the qualitative characteristics of UGS with the highest score of improvement criteria (Table 5 ). Only two parks increased their optimum service areas over 50%. The overall increase of parks was concentrated between 40% and 30%. Consequently, this study observed that the park with the highest weighted score demonstrated a slight increase, whereas there was a more significant increase in the parks with low weighted scores. The general results were that the average of the total weighted score was as follows: CP: 166.82; NP: 121.09; P: 98.37; and S: 83.27 (Table 4) . Moreover, the quantitative and qualitative characteristics of green spaces show that community parks (100%) and neighborhood parks (50%) were generally of moderate quality. While a significant proportion of neighborhood parks (41%) were inadequate in terms of quality, a tiny part demonstrated good quality. The vast majority of playgrounds (63%) and sports fields (88%) were also inadequate. Figure 4 shows the comparison of UGS service areas (CP: 800 m; NP: 800 m; S: 800 m; and P: 400 m) and their optimum service areas according to their own quantitative and qualitative characteristics. The UGS service areas covered CP: 16.6%; NP: 69.3%; S: 43.6%; and P: 42.1%. However, these ratios sharply decreased after computation of optimum service area (CP: 4.9%; NP: 29.6%; S: 7.1%; and P: 10.9%).
In line with these results, this study aimed to develop recommendations for increasing the optimum service areas based on the weighted scores of UGS. The increased percentages of optimum service areas were calculated by the re-evaluation of the qualitative characteristics of UGS with the highest score of improvement criteria (Table 5 ). Only two parks increased their optimum service areas over 50%. The overall increase of parks was concentrated between 40% and 30%. Consequently, this study observed that the park with the highest weighted score demonstrated a slight increase, whereas there was a more significant increase in the parks with low weighted scores. Last of all, in order to understand the geographical configuration of areas where UGS were inaccessible and which location was suitable for new UGS, service area maps were created according to priority levels. The first priority area for new UGS is the region outside the maximum service areas (CP: 800 m; NP: 800 m; S: 800 m; and P: 400 m). The second priority area is the region between the maximum service area and optimum service area. The third priority area is the region between the optimum service area and the increased service area ( Figure 5 ). The first and second priority areas are especially important for new planned UGS, because there is no pedestrian accessibility to UGS in this area. However, the second priority areas have limited pedestrian access, despite the inadequate characteristics of UGS. When the park facilities improve, the third priority area can then be served. In other words, the optimum service area will be higher. Last of all, in order to understand the geographical configuration of areas where UGS were inaccessible and which location was suitable for new UGS, service area maps were created according to priority levels. The first priority area for new UGS is the region outside the maximum service areas (CP: 800 m; NP: 800 m; S: 800 m; and P: 400 m). The second priority area is the region between the maximum service area and optimum service area. The third priority area is the region between the optimum service area and the increased service area ( Figure 5 ). The first and second priority areas are especially important for new planned UGS, because there is no pedestrian accessibility to UGS in this area. However, the second priority areas have limited pedestrian access, despite the inadequate characteristics of UGS. When the park facilities improve, the third priority area can then be served. In other words, the optimum service area will be higher. Table 6 show that community park service areas mostly covered the center of the district, which led to high degree of first priority areas in the study area (83.1%). There are few or almost no first priority areas in neighborhoods (28.8%), owing to the presence of more numerous neighborhood parks and it possessing the highest optimum service area (29.6%). However, sports and recreational parks mostly located on the right side of the district and were rarely located on the left side of district. Therefore, the first priority areas were at the second highest level with 56.1%. Although playgrounds are homogenously located in the district, the first priority areas had the highest levels (57.3%) due to their distance effecting accessibility. Consequently, when the qualities and quantities of UGS are at the highest level, UGS is accessible for 76% of the Çukurova district. However, this rate dropped to 41% because of the optimizing service area. This percentage is expected to rise to 55% with the improvement of these qualities and quantities. When the following identified deficiencies are eliminated, the parks will become entirely adequate and the optimum service area will be higher. Table 6 show that community park service areas mostly covered the center of the district, which led to high degree of first priority areas in the study area (83.1%). There are few or almost no first priority areas in neighborhoods (28.8%), owing to the presence of more numerous neighborhood parks and it possessing the highest optimum service area (29.6%). However, sports and recreational parks mostly located on the right side of the district and were rarely located on the left side of district. Therefore, the first priority areas were at the second highest level with 56.1%. Although playgrounds are homogenously located in the district, the first priority areas had the highest levels (57.3%) due to their distance effecting accessibility. Consequently, when the qualities and quantities of UGS are at the highest level, UGS is accessible for 76% of the Çukurova district. However, this rate dropped to 41% because of the optimizing service area. This percentage is expected to rise to 55% with the improvement of these qualities and quantities.
When the following identified deficiencies are eliminated, the parks will become entirely adequate and the optimum service area will be higher.
• Community Park and Neighborhood Park: Water features, toilets, borders, fountains and plantation are insufficient to meet the public needs in addition to aesthetic and functional needs. Shelters and pavilions should be located according to climatic conditions. Moreover, this study observed that there was no regular maintenance for trash bins, boards or park borders, which should not be overlooked in terms of functionality and aesthetic characteristics. Finally, the playground facilities in CP and NP need to be constructed according to proper planning and design principles to choose correct locations, to maintain appropriate plantation, to form a relationship with other facilities and to have security.
• Playground: These areas were not constructed according to proper planning and design principles to choose correct locations, to maintain suitable plantation, to form a relationship with other facilities or to have security. The playgrounds were designed for only a particular age group of children and contained similar play equipment and functions. They did not include different play equipment that could be used by different age groups, such as equipment with animal and human figures, play hills, spacious lawns, water surfaces and sandpits. Moreover, the playgrounds were neglected and of a traditional character, and they were not qualified to serve the physical, social and psychological development of children of all age groups.
• Sport and Recreational Grounds: These areas were not constructed according to proper field size and did not possess a variety of facilities and equipment or plantations. Notably, the ergonomic and constructional characteristics of the equipment were not considered at the design stage.
• Moreover, all types of UGS were found to be insufficient for meeting the population needs regarding their area size. In addition, UGS and their surroundings were not suitably designed for the physical, social and psychological nature of people with disabilities to allow them easy access and enable them to use the equipment.
The rest of this percentage (i.e., 45%) comprises of 3% for UGS, 14% for recreational areas and 28% for priority areas for planned new UGS ( Figure 6 ). • Community Park and Neighborhood Park: Water features, toilets, borders, fountains and plantation are insufficient to meet the public needs in addition to aesthetic and functional needs. Shelters and pavilions should be located according to climatic conditions. Moreover, this study observed that there was no regular maintenance for trash bins, boards or park borders, which should not be overlooked in terms of functionality and aesthetic characteristics. Finally, the playground facilities in CP and NP need to be constructed according to proper planning and design principles to choose correct locations, to maintain appropriate plantation, to form a relationship with other facilities and to have security.
The rest of this percentage (i.e., 45%) comprises of 3% for UGS, 14% for recreational areas and 28% for priority areas for planned new UGS ( Figure 6 ). 
Discussion
Urban parks and open green spaces are of strategic importance to ensure quality of life in our progressively urbanized society. Parks also permit citizens to enjoy open spaces for leisure activities that promote emotional stability and improve quality of life [2] [3] [4] [5] . Among several developing world 
Urban parks and open green spaces are of strategic importance to ensure quality of life in our progressively urbanized society. Parks also permit citizens to enjoy open spaces for leisure activities that promote emotional stability and improve quality of life [2] [3] [4] [5] . Among several developing world cities, unplanned and informal settlements have resulted in enlarged social and spatial inequality, resource consumption and environmental degradation [1] . Increasing attention is being paid to the issue of accessibility in relation to UGS, which is becoming one of the most debated issues in sustainable urban planning [6] .
Accessibility is a broad, flexible and slippery concept [60, 61] . During the past few decades, the concept of accessibility, which often denotes the level of services in terms of the spatial distribution of parks, has been a crucial element in the planning of UGS. Accessibility to urban parks is adequate when the population is in harmony with the park's spatial distribution [1, 3] . When park facilities meet the high demands for park services in densely populated areas, the supply is thought to be adequate, and thus accessibility is considered convenient. This paper's objective was to establish a methodological framework for evaluating and optimizing UGS in densely built urban areas. UGS must be located within an appropriate travel distance for pedestrian access and they must be of an adequate size to serve the existing population. Additionally, UGS should provide the optimum level of utilization with their characteristic features.
GIS use and the ability to model procedures make it feasible to determine which areas are more suitable to be adapted into new UGS in line with accessibility and network distance, although it is not commonly used among users of Euclidean distance. Nevertheless, network distances are more precise and closer to real distances, even if they need network layers of streets and require a longer computing time when calculating distance. This paper is based on the theoretical foundations of landscape architecture and the new discipline of landscape urbanism, combined with spatial analysis and GIS. The steps of its methodological framework are as follows:
• newly proposed method for evaluating the accessibility of UGS (based on accessibility distance, combined with the qualitative and quantitative characteristic of parks).
•
Optimum service areas that include all evaluation criteria (the five main groups of area size, amenities of the UGS, transportation, focal points and population density), along with the appropriate data and destinations, in addition to the use of network analysis. This will lead to the increased accessibility of parks, not only for existing UGS but also for proposed urban green areas.
• This paper argues that using only indices relating to square meters of green per capita, service area distance and population, are not satisfactory for accessibility analysis. Parks that lack a rich variety of amenities and equipment according to appropriate standards may be unqualified and provide inadequate services despite physically being large areas. Moreover, this study argues that the use of a maximum distance index that does not depend on any criterion is likewise insufficient. The methodological framework proposes to take account of the overall service areas of the new UGS with evaluation criteria regarding the wider region and services to the population.
Conclusions
This paper's objective was to establish a methodological framework for evaluating and optimizing UGS in densely built urban areas. The methodology of this study can be useful for helping to understand the spatial distribution of urban parks more accurately and to establish effective policies for urban park management for some of the most high dense population cities in the world. UGS that provide large spaces and diversity should be considered near the borders of neighborhoods, as this will allow many individuals living in different neighborhoods to benefit from these parks. The findings showed that field size is the most challenging criterion regarding improving the quantitative aspects of UGS. Thus, the optimal size of parks should be considered as part of its effectiveness in servicing the area. Field size and spatial population distribution for neighborhood parks according to population density should, therefore, be determined in urban development plans, especially in new urban development areas. Also, UGS planning should be developed based on scientific studies that take into account their aesthetic, functional and social benefits. To sum up, the expected benefits of UGS are inadequate in urban areas owing to the priority given to building areas, the uneven spatial distribution of parks, the shortcomings of the park amenities and their weak service areas and accessibility issues. They can be adapted as part of a process of participatory decision-making from the corresponding structures of bureaucracy, municipality and state, as well as from suggestions by experts, especially urban planners. Based on these findings, this study offers suggestions for enhancing the service areas of UGS in the Çukurova district and suggests angles for future study. 
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Appendix A Table A1 . Urban green space evaluation criteria, characteristics and scores used for evaluation. According to [31] , the ideal access distance for local and neighborhood parks is 400 m; for children's playgrounds, 400 m; and for sports facilities, 800 m. According to this, the ideal amount for each UGS type has been found by dividing the total study field surface area by the area where the access distance for the related UGS is effective. The amount of the area that is necessary to accommodate the whole population has been calculated by multiplying the ideal space amount per person by the study field population. The ideal space amount, concerning the green space type, has been calculated by dividing the amount of area that is necessary to accommodate the whole population by the number of parks necessary to conduct a study field.
2.
Regarding the idea that playgrounds and sports facilities should exist in neighborhood parks, based on the method explained in standard no. 1, 'Size of Parks Area', the children's playground ratio (2.72 m 2 ) in 10 m 2 -UGS has been compared with the minimum acceptable value (11.383 m 2 ) in neighborhood parks. As a result of this comparison, 19.254 m 2 is the minimum acceptable value for playgrounds located in neighborhood parks. The size of children's playgrounds located in neighborhood parks has been specified in relation to the paths that border these playgrounds (as parcels). Regarding the idea that playgrounds and sport and recreational grounds should exist in neighborhood parks, based on the method explained in standard no. 1, 'Size of Parks Area', the sport and recreational ground ratio (3.63 m 2 ) in 10 m 2 -UGS has been compared with the minimum acceptable value (11.383 m 2 ) in neighborhood parks. As a result of this comparison, 4.132 m 2 is the minimum acceptable value for sport and recreational grounds located in neighborhood parks. The size of sport and recreational grounds located in neighborhood parks has been specified in relation to the paths that border these sport and recreational ground (as parcels). 4. Owing to the geometrical shape of UGS parcels, the number of sides is accepted as the number of surrounding roads. Each road has been evaluated according to the types of the roads stated by [62] and the scores assigned to them. The total score has been divided by the number of the sides of the parcel, and an average score between 0 and 4 has been calculated. Since the methodology requires that all scores are between 0 and 3, this average score has been proportioned by 3. 5. Firstly, to calculate the population density of UGS, the ratio of the service area intersected with the neighborhood boundaries was determined. As this ratio applied to the population of parks, the 'total service area population (TSAP)' was calculated with Equation (5). Secondly, the number of parks per capita was calculated by comparing park sizes with the obtained population values. Finally, the population density index (PDI) was calculated with Equation (6) . [62] were used. 14. While evaluating this criterion, the convenience of material characteristics was determinant, such as (1) Structural characteristics of the surface material that do not limit pedestrian use; (2) Appropriate joint density and width; (3) Reflection characteristics of the surface (albedo); (4) Nonslip surface characteristics under rain conditions; (5) Sufficiency of road infrastructure (tamped soil, stabilised filling or rubble, etc.).
Unevaluable Criteria Evaluation Criteria and Characteristics USED Score
Orientation in park circulation, Ramps (suitable for people Unevaluable criteria have been assigned a score of 3 when the criteria are positive; otherwise, they have been assigned a score of 0 when the criteria are negative.
(*) Limited Improvement Criteria cannot be improved in the conditions listed above due to the increase in population density and unplanned urban settlement (e.g., size of park area, population density, pedestrian traffic load etc.). Improvement Criteria are not dependent on other factors such as urban settlement, population density, location and time to be improved (e.g., tree canopy, maintenance of equipment, suitable pavement etc.).
